INTRODUCTION
Endotoxin, known as lipopolysaccharide (LPS), is the main active component of cell wall in the outer membrane of gram-negative bacteria. The LPS molecule is constituted of a polysaccharide, a core oligosaccharide and a highly conserved lipid A portion, which was highly conserved across different bacterial species and taken responsible for the toxic pyrogenic properties of LPS [1, 2] . Endotoxin would be fatal to humans when it entered the bloodstream, indirectly secreted various inflammatory cytokines such as platelet activating factor (PAF), tumor necrosis factor-a (TNF-a), interleukin (IL)-1β, and IL-6 and then induced fever and septic shock [3] [4] [5] [6] . Polymyxin B is the only polypeptide antibiotics used in clinic and known to have anti-endotoxin activity [7] , but concerns arising from adverse effect like neurotoxicity and nephrotoxicity have restricted it use for the treatment of endotoxin induced septicemia and shock [8, 9] that are resistant to other preferred antimicrobial agents or natural herbs. So it is necessary to screen active substances which have anti-endotoxin functions. Radix isatidis (Banlangen in Chinese), the root of Isatidis indigotica Fort., was a traditional Chinese medicine herb. It was widely used in clinic for the function of cleaning heat, detoxicating, cooling the blood and anti-inflammatory [10] . The main anti-endotoxin components of the herb were the four OAs: benzoic acid, salicylic acid, syringic acid and 2-amino-benzoic acid [11] [12] [13] , which segregated and obtained from this herb was confirmed having the anti-endotoxin effect [14] [15] [16] [17] . Although the anti-endotoxin effects of these four OAs have been simply documented, the dose-effect relationships of them and combination analysis with rabbit pyrogen test (RPT) have not been reported from then on. The limulus amebocyte lysate (LAL) assay and rabbit pyrogen test (RPT) were officially listed in the China pharmacopoeia [18] as the main methods of pyrogen test of clinic and pharmacy currently [19] . The LAL assay, based on enzymes from the blood of the horseshoe crab limulus polyphemus, was very sensitive for the detection of endotoxin [20] . LAL reacted with bacterial endotoxin to form gel clots. The gelation time depended on the concentration of endotoxin in the sample [21] . The kinetic turbidimetric assay (KTA) was another commonly used method to evaluate endotoxin levels, which was accurate and convenient to detect the endotoxin at low levels and estimate the concentration of endotoxin [22] . So in this study, the anti-endotoxin action of four OAs reacted with endotoxin were investigated by the LAL assay with KTA. Simultaneously, the RPT was used to detect the temperature variation affected by the endotoxin and the four OAs. Comprehensive and systematic analyses both in vitro and in vivo were studied to evaluate the anti-endotoxin effect of the four OAs. It provided a reference for study on anti-endotoxin drugs from Chinese Materia Medica.
METHODS

Instrument
An incubating kinetic tube reader 96 (Pyros Kinetix, Associates of Cape Cod, MA, USA) was used to determine the concentration-response time curve of endotoxin reacted with limulus amebocyte lysate (LAL). It had a 96 tube format and each well was independently timed. The detection temperature was within the range of 37±0.1℃ with a limit of detectability of 0.001 EU/mL. It was used with a limulus amebocyte lysate kinetic turbidimetric method (Pyros Kinetix, Pyrotell-T lysate, and Pyrosoft-11, 21 CFR Part 11 Compliant Software V2.05, Associates of Cape Cod, MA, USA) which could provide operation, analysis and reporting.
Animal
Japanese rabbits, male, weighting about 2.0 kg were provided by Experiment animal's center of Capital Medical University, Beijing, PR China. The animals were housed in individual cages in an animal room at 20°C and had free access to food and water. The ani-mals were fasted for 24 h before the experiments. Animals were treated humanely by use of the protocols that were approved by the Institutional Animal Use and Care Committee at Capital Medical University.
Materials and the reagents
LAL reagents (5 mL/vial), endotoxin-free water (5.5 mL/bottle, <0.001 EU/mL), endotoxin-free pipette tips, and endotoxin-free test tubes were purchased from Associates of Cape Cod. All glassware, needles, and syringes used in the RPT test were pyrogen-free. Standard endotoxin LPS (180 EU/vial) were purchased from National Institute for the Control of Pharmaceutical and Biological Products (Beijing 100051, China). Radix isatidis, the dried root of Isatidis indigotica Fort., was identified by MA Li, College of Traditional Chinese Medicine, Capital Medical University, Beijing, PR China. The four OAs: benzoic acid, salicylic acid, syringic acid and 2-amino-benzoic acid were extracted from Radix isatidis with purity >99.0% . Their structures were given in Figure 1 . 
Benzoic acid
Kinetic turbidimetric assay (KTA)
In the kinetic turbidimetric LAL assay, the four OAs in different concentrations with duplicate were added into the 10 EU/mL endotoxin, the glass tubes were sealed with a sealing film (Parafilm) and incubated at 37℃ for 1h. Then, 50 μL samples were mixed with 50 μL of LAL reagent, the mixtures were detected using the incubating kinetic tube reader at 37℃ . The response time was recorded when the optical density (OD) reached 0.02. Afterwards, the clot reaction was monitored continuously and its concentration-response time curve was measured. Each concentration of four OAs agreed with recovery test <105 %. All the experiments were carried with aseptic technique.
Rabbit pyrogen test (RPT)
The rabbit pyrogen test was performed according to the Chinese pharmacopoeia at the Experiment ani-mal's center of Capital Medical University, Beijing, China. The four OAs in different concentrations were added into the 10 EU/mL endotoxin, then the mixtures which warmed to 37℃ were injected into the marginal ear vein at a dose of 1 mL/kg of body weight. Rectal temperatures were recorded continuously for 30 min before and for 5 h after injection. The results of each concentration were expressed as the averages of the difference between the initial and the highest temperature recorded for 6 rabbits within 3 h of the injection.
RESULTS
Concentration-response time and temperature variation curve of endotoxin
The reaction of endotoxin at different concentrations with LAL was studied and the concentration-response time curve was recorded. The temperature variation caused by endotoxin was measured according to the rabbit pyrogen test and the concentration-temperature curve was measured, too. The results were shown in Figures 2, 3 . From which, we could see that with the increase of the endotoxin concentration, the time was getting shorter and shorter, and the temperature variation was getting larger and larger.
Kinetic equations and growth rate constant k of two tests
The concentration-response time curve of endotoxin and LAL changed exponentially and the kinetic equation was: LgT = T0 + kLgC 1) where T0 was the gelation time of negative without endotoxin, T was the gelation time when the optical density (OD) reached 0.02, k was linear parameter, C was the endotoxin concentration. Using the data LgT and LgC taken from the curves to fit a linear equation, the growth rate constant k with the corresponding correlation coefficient were obtained and shown in Table 1 . It was apparent that all of the correlation coefficients, R, were all greater than 0.9993, indicating a good reproducibility and correlation. The concentration-temperature variation (△t) curve of endotoxin also changed exponentially and the kinetic equation was: Q = Q0 + kLgC 2) where Q0 was the mean temperature of the difference between the initial and the highest temperature when rabbits were injected with negative solution, Q was the mean temperature of the difference between the initial and the highest temperature when rabbits were injected with sample, k was linear parameter, C was the endotoxin concentration. At the same time, the data LgC and Q taken from the curves were in a linear relationship too, the rate constant k and R of temperature growth was obtained. Consequently, the 50 % effective dosage (ED50) was obtained. The ED50 corresponded to LgT and LgC curve was 3.25 EU/ml, and to concentration-temperature variation ( △ t) curve was 3.15 EU/mL. The values of ED50 obtained from two methods were almost in agreement with each other, indicating that the two methods could record veritably the endotoxin active. 
Figure 3 Endotoxin concentration-temperature variation
Results from the four independent experiments are presented as means±SD. The Student's t test was used for statistical analysis. A P value of <0.05 is considered significant (*). All of the four group were compared with the control group.
Action of four OAs on endotoxin
The kinetic turbidimetric LAL assay was used to determine the action of four OAs on endotoxin. The concentrations of the four OAs which were added 10 EU/ ml endotoxin varied from 1 mg/mL to 30 mg/mL, from no anti-endotoxin effect to neutralize it completely. The concentration of endotoxin reduced gradually with increasing the concentration of the four OAs. Consequently, the anti-endotoxin curve of the four OAs were obtained and shown in Figure 5 . The tendency between endotoxin and the OAs was in linear with the correlation coefficient of greater than 0.9995, illustrating that OAs of different concentrations had varied actions on endotoxin. The rate constant k and correlation coefficient R and the 50% inhibitory concentration IC50 were shown in Table 2 . From the data in Table 2, we could obtain directly that the four OAs all had strong anti-endotoxin action, while syringic acid had the strongest action among the four OAs with IC50 of 12.84 mg/mL. 
RPT determination
At the same times, the rabbit pyrogen test was used to evaluate the temperature change with increasing the concentration of the four OAs. From the temperature variation in Figure 6 , we could see that the rabbit temperature was declined with adding the OAs, and the neutralization actions were enhanced with increasing the concentration of the four OAs. The decline rate constant k with correlation coefficient R and IC50 were obtained and shown in Table 3 . 
DISCUSSION
In this study, the concentration-response time and temperature variation curve of endotoxin were analyzed, we could see that both curve were changed exponentially, and fit the linear equation with all the correlation coefficients, R> 0.9960, indicating the good reproducibility and correlation. Moreover, the values of ED50 obtained from two methods (3.25 and 3.15 EU/mL)
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were almost in agreement with each other, indicating that the two methods could record veritably the endotoxin active. Analyses of the concentration-concentration curves of endotoxin growth at 37℃ affected by different concentrations of the four OAs showed that the concentration of endotoxin decreased with the addition of the four OAs and increasing concentrations of them, which indicated that endotoxin was neutralized with the addition of the four OAs. A low concentration (1 mg/mL) of the four OAs had a little effect of anti-endotoxin, and when the concentration of the four OAs was 30 mg/mL, the endotoxin was neutralized completely. These results suggested that the four OAs had strong anti-endotoxin capacity to different extents and the anti-endotoxin capacity was concentration-depended: the neutralization actions of the four OAs on endotoxin strengthened with increasing concentration of them. Compared with the concentration-concentration curves ( Figure 5 ) and the temperature variation-concentration curves ( Figure 6 ), we can see that the concentration of endotoxin and the temperature variation of rabbit reduced gradually with increasing the concentration of the four OAs, indicating that the KTA agreed well with the results obtained by means of RPT. Based on the values of IC50, we could find that the anti-endotoxin action of the four OAs by the KTA was: syringic acid >2-amino-benzoic acid >benzoic acid >salicylic acid, and syringic acid had the strongest anti-endotoxin action. With a little different of that, the IC50 of the four OAs concentration-rabbit temperature variation in sequences was: syringic acid > benzoic acid >2-amino-benzoic acid >salicylic acid. There was another difference between the vitro and the vivo test, the IC50 of the vitro assay in average was 13.59 mg/mL, comparing with the vivo's 17.35 mg/ ml. That owed to the distinction of the two methods self. The four OAs were intact and stable in the glass ampoule during the determination using the incubating kinetic tube reader. On the other hand, they would be decomposed or metabolized inactivation in the animal body. Under this condition, the IC50 in RPT would be bigger than in KTA, and the IC50 of anti-endotoxin sequences became different. In this study, the KTA along with the RPT were successfully used to analyze the neutralization actions of four OAs on endotoxin, the continuous reaction processes both in vitro and in vivo were analyzed by the kinetic curve and kinetic index information, such as k, R, ED50, IC50. The comprehensive and systematic analysis of the both method was a powerful tool for evaluating the anti-endotoxin effect of the four OAs in Radix isatidis, it provided more growth kinetic and biological information than the two conventional method self, and all the information was significant and useful in studying and selecting of the other anti-endotoxin drug.
